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This  is  the  sixth  annual  technical  report  of  progress  toward  the 
crosstie  memory  and  it  emphasizes  work  done  during  the  past  year.  The  five 
previous  reports  can  be  obtained  upon  request  of  the  authors. 

Progress  has  proceeded  to  the  point  where  shift  registers  can  be 
demonstrated  under  observation  with  Bitter  solution.-.  The  complete  demonstra- 
tion using  Bitter  solution  was  done  at  Sperry  Univac , St . Paul , "TOTT*  Propaga- 
tion experiments  at  NSWC  were  successful  along  the  entire  length  of  the  shift 
register  except  where  the  bit  enters  the  detector. Efforts  hPino  t» 
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optimize  operation  are  detailed  in  this  report. 

With  the  use  of  Bitter  solution  a 12  megabit/sec  shift  rate  was 
demonstrated.  Detection  at  a 1 megabit/sec  rate  has  been  demonstrated  at 
Univac.  The  next  step  is  to  demonstrate  data  in  and  data  out  at  a high  rate. 
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SUMMARY 


The  purpose  of  this  report  is  twofold.  First,  it  is  intended  to  serve  as  an 
annual  report  to  the  Naval  Air  Systems  Command.  Second,  it  is  intended  to  summarize 
in  one  place  our  present  knowledge,  techniques,  and  opinions  concerning  the  Crosstie 
Memory.  There  are  also  available  several  papers  referenced  in  this  and  previous 
reports  which  have  been  presented  at  the  Intermag  Conferences  and  Conferences  on 
Magnetism  and  Magnetic  Materials.  These  papers  can  be  found  in  the  IEEE  Transactions 
on  Magnetics,  the  AIP  Conference  Proceedings,  and  the  Journal  of  Applied  Physics. 

The  work  reported  here  was  funded  by  NAVAIR  Task  No.  WF54545602. 


PAUL  R.  WESSEL 
By  direction 
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Chapter  I 
INTRODUCTION 


Crosstie  Memory  development  has  progressed  to  the  point  where  experimental 
shift  registers  have  been  demonstrated  by  Sperry  Univac  in  St.  Paul,  Minnesota. 
Minor  differences  exist  between  the  propagation  stheme  used  by  Univac  and  the  one 
used  in  our  laboratory.  There  are  several  alternative  ways  of  propagating,  detect- 
ing, and  organizing  the  memory.  Now  that  we  know  that  the  memory  will  work,  we  can 
concentrate  on  making  it  work  well. 

This  report  details  the  propagation  experiments  which  were  performed  during 
the  past  year.  It  also  explains  some  experiments  which  are  underway  to  make  the 
memory  more  reliable  and  easier  to  test. 


TT  D.  S.  Lo,  V.  M.  Benrud,  G.  J.  Cosimini,  L.  H.  Johnson,  G.  F.  Nelson,  M.  C.  Paul, 
and  E.  J.  Torok  "Crosstie  Shift  Register,"  J.  Appl.  Phys.,  March  79. 


5/6 


NSWC  TR  79-97 


Chapter  II 
PROPAGATION 


The  thin  film  circuit  used  for  propagation  is  shown  in  Figure  1.  Here  holes 
were  placed  in  the  middle  of  the  wide  conductor  portions  of  the  narrow-wide  line  to 
spread  the  current  away  from  the  wall  which  runs  down  the  center  of  the  serrated 
strips.  The  holes  allowed  us  to  observe  crossties  and  Bloch  lines  using  a Bitter 
solution.  The  tips  of  the  crossties  could  be  seen  in  the  narrow  sections.  Video 
tapes  were  made  of  some  propagation  experiments  and  may  be  borrowed  by  writing  to 
the  authors  of  this  report.  The  narrow-wide  line  is  used  to  provide  weak  or  strong 
fields  on  every  other  serration.  An  additional  field  not  shown  in  Fig.  1 was 
provided  by  a small  coil  behind  the  substrate.  It  is  better  to  provide  the  additional 
field  by  a stripline  insulated  from  and  buried  below  each  serrated  strip.  But  for 
the  purpose  of  these  experiments,  a coil  was  used  to  save  fabrication  steps. 

There  are  thre|  fields  to  be  concerned  with  in  propagation  as  have  been 
discussed  previously.  * The  first  of  these  fields,  Hg,  is  fixed  by  the  dimensions 
of  the  serrated  strip.  In  our  case  the  strip  was  IS  ym  wide  at  the  narrowest  points, 
with  serrations  8 ym  in  length.  The  field  Hg  can  be  approximated  by 

Hg  = A sin(2irx/Jl)  Oe  (1) 

where  £ is  the  distance  along  the  strip  starting  at  a narrow  point  along  the  serra- 
tion. The  value  of  A for  the  serrations  shown  in  Figure  1 is  -2.6  Oe. 

Another  field  is  that  produced  by  the  coil  previously  mentioned.  This  field 
is  constant  as  a function  of  distance  along  the  strip  and  can  be  written  as 

Hc  = C.  (2) 

The  third  field  to  be  concerned  with  is  that  produced  oy  the  narrow-wide 
conductor.  This  field  has  a period  twice  that  of  the  serrated  strip  and  can  be 
approximated  by 


Hg  = B + D sin(irx/)l  + i|))  (3) 

IT  L.  J.  Schwee,  W.  E.  Anderson,  Y.  J.  Liu,  and  R.  N.  Lee  NSWC/WOL  TR  78-11. 

3.  L.  J.  Schwee,  W.  E.  Anderson,  Y.  J.  Liu,  and  R.  N.  Lee,  "Approaches  Toward  Field 
Determined  Propagation  of  Crossties  and  Bloch  Lines"  J.  Appl.  Phys.,  49,  886 
March  1978. 
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where  the  relationship  between  B and  D is  fixed  by  the  width  of  the  wide  part  of  the 
narrow-wide  conductor  with  respect  to  the  narrow  part.  Also,  it  is  affected  by  the 
hole  in  the  wide  part  if  it  is  used.  The  phase  angle,  tp,  is  added  to  equation  (3) 
because  the  narrow-wide  conductor  does  not  necessarily  have  to  be  placed  as  shown  in 
Figure  1.  In  fact,  previously,  experiments  were  performed  with  the  serrated  strip 
at  a phase  angle  of  tt/2  away  from  the  phase  angle  shown  in  Figure  1.  Both  phase 
angles  were  found  to  be  suitable  for  propagation.  It  appears  that  for  nearly  any 
value  of  ip,  propagation  can  result  by  properly  adjusting  constants  B,  C,  and  D.  For 
some  values  of  ip,  however,  much  more  power  is  needed.  The  optimum  value  of  ip  is 
being  experimentally  determined. 

A circuit  has  been  constructed  in  which  the  phase  angle  changes  by  one  tenth 
of  the  period  after  every  16  serrations.  This  circuit  will  be  used  to  determine  the 
optimum  phase  angle  for  propagation. 

The  drive  circuitry  which  was  used  for  the  propagation  experiments  was  built 
from  TTL  integrated  circuits  except  for  the  output  stages  and  four  phases  were  used. 
On  the  first  phase  the  Bloch  line  was  moved;  on  the  second  phase,  the  crosstie  was 
moved;  on  the  third  phase  the  Bloch  line;  and  on  the  fourth  phase,  the  crosstie. 

The  values  of  current  through  the  narrow-wide  conductor  and  the  magnetic  fields  of 
the  coil  are  listed  below. 


Narrow-wide 

Coil 

Phase  1 

-48  mA 

21  Oe 

Phase  2 

-104  mA 

65  Oe 

Phase  3 

+37  mA 

-21  Oe 

Phase  4 

+ 96  mA 

-27  Oe 

The  narrow-wide  was  placed  in  series  with  the  coil  so  pulse  rise  times  would  be 
coincident.  Resistive  shunts  in  parallel  with  the  narrow-wide  conductor  provided 
the  current  ratio  differences  in  the  four  phases. 

Propagation  was  successful  using  the  circuit  shown  in  Figure  1,  but  because 
of  the  permalloy  left  under  the  gold  conductors  (gold  was  electroplated  onto  the 
permalloy),  propagation  into  the  detector  was  found  to  be  impossible.  Meanwhile,  a 
similar  circuit  was  fabricated  at  Univac  using  vapor  deposition  of  gold1,  and  there 
the  complete  shift  register  was  shown  to  work.  The  shift  register  operation  was  done 
by  observing  crossties  with  a Bitter  solution  and  observing  a detector  signal  as  the 
bit  entered  the  detector.  The  next  step  is  to  demonstrate  data  in  and  data  out  at  a 
high  rate. 


?4 
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Chapter  III 
BIT  DENSITY 


Most  of  the  experimental  shift  registers  being  tested  at  this  time  are  large 
compared  to  what  is  possible  using  crossties.  The  serrations  shown  in  Figure  1 are 
15  pm  at  the  narrow  points  across  the  tracks  and  each  serration  is  8 pm  along  the 
track.  The  natural  spacing  of  crossties  in  permalloy  with  a 4 Oe  anisotropy  field 
is  about  5 pm  apart.  If  the  anisotropy  is  increased  the  spacing  becomes  about  2 pm 
apart  at  7 Oe.  The  density  therefore  is  strongly  dependent  on  film  anisotropy. 

When  serrated  strips  are  used,  the  anisotropy  of  the  film  is  replaced  by 
shape  anisotropy  which  becomes  very  strong  near  the  edges  of  the  serrated  strips. 
Therefore,  if  the  serrated  strips  are  made  narrower,  the  shape  anisotropy  fields 
increase  and  smaller  and  smaller  crossties  can  be  obtained.  It  appears  that  cross- 
ties can  be  obtained  in  sizes  approaching  a micron  provided  the  serrated  strips  can 
be  formed  that  small.  Using  conventional  photolithography  the  density  will  be 
limited  to  about  107  bits/in  . 
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Chapter  IV 

GEOMETRICALLY  DEFINED  TRACKS 


2 

In  last  year's  report  the  crosstie  wall  was  shown  to  be  held  by  a step  in  the 
substrate.  It  was  thought  at  that  time  that  the  local  easy  axis  perpendicular  to 
the  step  was  being  caused  by  yield  in  the  magnetostrictive  film  at  the  step.  There 
is  another  explanation  for  this  behavior.  When  a step  in  the  substrate  is  made,  an 
angle  of  incidence  with  respect  to  the  source  material  used  in  evaporation  exists  at 
the  edge  of  the  step.  Such  an  angle  of  incidence  gives  rise  to  large  anisotropies 
measured  in  hundreds  of  oersteds4  as  shown  in  Figure  2.  The  sign  of  the  anisotropy 
changes  from  positive  to  negative  at  about  70°.  The  films  which  have  been  used  have 
been  sputter  etched  with  angles  near  90°.  If  the  substrate  is  chemically  etched,  an 
angle  close  to  45°  usually  results.  Experiments  are  being  done  to  confirm  this 
angle  of  incidence  effect  as  the  cause  of  such  behavior. 

Without  such  a step,  a field  of  a few  tenths  of  an  oersted  can  move  the  wall 
in  the  serrated  strip  away  from  the  center  of  the  strip.  With  a step  present,  a 
field  of  about  3 Oe  was  needed  to  move  the  wall  off  the  step.  The  step  then  is 
considered  an  important  improvement  in  case  shielding  the  memory  from  external  mag- 
netic fields  is  a problem. 

There  is  another  effect  which  should  be  mentioned  in  connection  with  oblique 
incidence  permalloy  films.  If  a step  is  chemically  etched  so  the  angle  of  incidence 
is  about  45°,  and  the  film  is  deposited  at  200°C,  and  then  vacuum  anngaled  at  300°C, 
the  easy  axis  will  rotate  by  90°  if  the  magnetostriction  is  negative. 

Characterization  of  steps  on  substrates  is  being  pursued  so  we  can  find  the 
best  conditions  for  holding  crosstie  walls  in  the  center  of  the  serrated  strips. 


4~  M.  S.  Cohen,  '’Anisotropy  in  Permalloy  Films  Evaporated  at  Grazing  Incidence," 
J.  Appl . Phys.  32^  Supplement  p.  87s  March  1961. 

5.  Y.  J.  Liu,  L.  J.  Schwee,  and  W.  E.  Anderson,  "Crossties  and  Spikes  on  Geomet- 
rically Defined  Tracks,"  IEEE  Trans.  Magn.  Vol  MAG-14  p.  886  Sept.  1978. 

6.  G.  P.  Weiss  and  D.  0.  Smith,  "Annealing  of  Oblique  Incidence  Permalloy  Films," 
J.  Appl.  Phys.  32^,  Supplement,  85s,  March  1961. 
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Chapter  V 
THE  KERR  EFFECT 


An  attempt  was  made  to  observe  walls  in  seryated  strips  using  the  Kerr  effect. 
This  had  been  done  on  continuous  films  previously.  The  problem  with  serrated 
strips  in  such  an  observation  is  the  light  which  returns  where  the  permalloy  is 
absent.  A very  intense  light  source  must  be  used  and  polarizers  must  be  crossed 
close  to  extinction.  When  conditions  are  right  for  near  extinction  in  the  areas 
where  the  permalloy  is  present,  the  conditions  are  wrong  where  it  is  absent.  The 
intense  light  is  blinding  and  subtle  changes  in  intensity  are  not  observable  with 
the  human  eye.  To  get  around  this  problem,  the  permalloy  was  not  etched  as  usual  to 
form  the  serrated  strips.  Instead,  an  electroless  gold  deposition  technique  was 
used  which  substituted  gold  for  the  permalloy  in  the  areas  unprotected  by  photoresist. 
This  process  was  timed  carefully  so  all  the  permalloy  was  replaced  by  gold  except 
for  about  5 or  10  A.  Otherwise  the  gold  would  not  stick  to  the  substrate. 

The  gold  absorbed  much  of  the  light  and  enabled  us  to  view  the  positive  and 
negative  Neel  walls  in  the  serrated  strips.  We  were  able  to  use  200x  magnification 
and  view  the  phenomenon  on  a closed  circuit  TV  monitor  using  a conventional  vidicon. 
Much  better  contrast  can  be  obtained  using  silicon  intensified  low  light  level 
cameras.  If  higher  magnifications  can  be  used  with  low  light  level  cameras,  the 
high  intensity  light  can  be  blocked  out  by  placing  some  black  paper  with  a slit  in 
it  between  the  objective  lens  and  the  vidicon.  Viewing  the  shift  registers  magneto- 
optically  can  be  a great  help  in  testing.  The  preferred  method  of  observation  was 
discussed  previously. 


7.  L.  J.  Schwee,  H.  R.  Irons,  and  W.  E.  Anderson  "Propagation  and  Observation  of 
Digital  Information  Stored  in  the  Crosstie  Memory,"  IEEE  Trans,  on  Magn.  MAG- 10 
p.  564  Sept.  1974. 

8.  L.  J.  Schwee,  H.  R.  Irons,  A.  D.  Krall,  W.  E.  Anderson,  J.  K.  Watson,  NOLTR  73-185. 
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Chapter  VI 
TEST  ELECTRONICS 


The  output  stages  of  the  drive  circuitry  used  in  the  propagation  experiments 
are  shown  in  Figure  3.  At  the  top  of  the  figure  are  shown  the  numbered  leads  which 
correspond  to  the  four  phases  described  in  Chapter  II.  This  circuit  was  designed 
for  use  with  a coil  instead  of  a stripline  and  consequently  it  is  designed  to  handle 
currents  up  to  an  ampere.  When  a stripline  is  used,  lower  power  transistors  can  be 
used,  and  the  emitter  follower  transistors  (2N3725)  can  be  eliminated.  When  lead 
number  one  is  taken  high,  the  emitter  of  the  corresponding  2N3725  goes  high  and  turns 
on  the  two  2N4923  transistors  to  which  it  is  connected.  All  other  transistors  are 
open.  The  current  path  is  then  through  the  two  conducting  2N4923  transistors,  the 
narrow-wide  conductor  and  the  coil  and  the  resistor  in  parallel  with  the  narrow-wide 
conductor.  This  arrangement  is  a bit  awkward  because  the  coil  and  narrow-wide 
conductor  potentiometers  interact,  but  it  is  necessary  because  of  coil  inductance. 

If  a stripline  is  used,  it  should  be  possible  to  place  the  striplrne  in  parallel  with 
the  narrow-wide  conductor  so  the  amplitude  controls  do  not  interact.  The  ten  volt 
supply  was  used  because  of  resistances  in  the  long  leads  connected  to  the  narrow-wide 
conductor. 

The  sequence  used  for  propagation  was  to  put  a pulse  into  conductor  #1,  then 
#2,  then  #3,  then  #4,  then  #1  and  so  on.  A four  bit  serial -parallel  shift  register 
connected  as  a ring-counter  was  used  to  do  this.  In  addition,  when  the  shift 
register  was  stopped  on  phase  #3  for  example,  a pulse  train  continued  to  flow  to 
lead  number  three  of  Figure  3.  This  allowed  us  to  turn  the  appropriate  two  potentio- 
meters until  the  desired  effect  occurred  (in  this  case  it  is  Bloch  line  push) . 

The  circuit  was  designed  so  resistors  could  easily  be  changed  when  different 
circuits  were  tested.  Those  resistors  in  the  diagram  marked  with  a zero  correspond 
to  resistor  holders  with  a piece  of  wire  shorting  them  out. 

Generation  circuitry  was  also  built  but  it  is  not  included  on  the  diagram 
shown  in  Figure  3. 

The  next  step  is  to  test  at  high  data  rates  without  using  the  Bitter  solution. 

We  know  that  the  drive  fields  may  drop  by  as  much  as  75%  without  the  Bitter  so  it  ion. 
The  magnetooptic  effect  can  be  a great  help  in  setting  up  the  proper  drive  fields  for 
future  testing.  Pure  electronic  testing  with  data  in  and  data  out  at  high  rates 
appears  possible  but  must  be  approached  cautiously,  knowing  that  the  drive  fields  may 
differ  greatly  from  those  measured  with  Bitter  solution. 

9.  G.  Cosimini  and  J.  H.  Judy,  "Crosstie  Dynamic  Nucleation  Thresholds  and  Bloch 

Line  Mobility  Measurements  in  Thin  Permalloy  Films,"  Joint  MMM-Intermag  Conference, 
Pittsburgh,  1976. 
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FIGURE  1 PHOTO  OF  THIN  FILM  CIRCUIT  USED  FOR  PROPAGATION 
EXPERIMENTS 
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ANGLE  OF  INCIDENCE  6 (DEGREES) 

FIGURE  2 ANISOTROPY  FIELDS  DUE  TO  DEPOSITION  AT  OBLIQUE  INCIDENCE 
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Bedford,  MA  01730 

Air  Force  Materials  Laboratory 
Attn:  Mr.  Gene  Miller,  AFML/LTE 
Dr.  John  DeCuire 

Wright-Patterson  Air  Force  Base,  OH  45433 

Air  Force  Office  of  Scientific  Research 
Department  of  the  Air  Force 
Washington,  DC  20333 

Air  Force  Weapons  Laboratory 
Attn:  Technical  Library 
Kirtland  Air  Force  Base 
Albuquerque,  NM  87117 

American  Micro-Systems,  Inc. 

3800  Homestead  Road 
Santa  Clara,  CA  95051 

Ampex  Corp. 

Attn:  H.  A.  Ferrier 

401  Broadway 

Redwood  City,  CA  94063 

Director,  U.S.  Army  Engineering  Research  5 Development  Laboratories 
Attn:  Technical  Documents  Center 
Fort  Belvoir,  VA  22060 
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U.S.  Army  Research  Office 
Box  CM,  Duke  Station 
Durham,  NC  27706 
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1 Rockwell  International 

Attn:  Dr.  G.  Pulliam 
P.0.  Box  4173 
3370  Miraloma  Avenue 
Anaheim,  CA  92803 

Bacco  Industries 
Attn:  Dr.  Dean  Palmer 
10350  Bacco  Street 
South  El  Monte,  CA  91733 

Bell  Telephone  Laboratories,  Inc. 

Attn:  Dr.  A.  H.  Bobeck 
Mr.  W.  Boyle 
P . I . Bonyhard 
600  Mountain  Avenue 
Murray  Hill,  NJ  07974 

Bell  Telephone  Laboratories,  Inc. 

Attn:  Technical  Reports  Center  (Rm.  2A-160) 
Whippany  Road 
Whippany,  NJ  07981 

The  Boeing  Co. 

Attn:  Mr.  James  M.  Bartlemay 
Aerospace  Division 
Seattle,  WA  98124 

The  Boeing  Co. 

Attn:  Mr.  D.  D.  Robinson,  Mail  Stop  88-43 
P.0.  Box  3999 
Seattle,  WA  98124 

Burroughs  Corp. 

Attn:  Dr.  L.  W.  Brownlow 
5411  North  Lindero  Canyon  Rd. 

Westlake  Village,  CA  91361 

C.  S.  Draper  Laboratory 
Attn:  Kirk  Smith 

J.  S.  Kronick 
555  Technology  Square 
Cambridge,  MA  02139 

University  of  California 
Attn:  Dr.  G.  Estrin 
Department  of  Engineering 
Los  Angeles,  CA  90024 
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Colorado  State  University 
Attn:  Dr.  C.  E.  Patton 
Department  of  Physics 
Fort  Collins,  CO  80521 

Components  Corp. 

Attn:  Jerry  B.  Minter 
Denville,  NJ  07834 

Conrac  Corp. 

Attn:  Mr.  John  Lawton,  Jr. 

P.  0.  Box  32 
Caldwell,  NJ  07006 

Cornell  University 
Attn:  J.  Frey 

School  of  Electrical  Engineering 
Phillips  Hall 
Ithaca,  NY  14850 

Coming  Glass  Works 
Attn:  R.  R.  Barber 
Technical  Information  Center 
Sullivan  Park 
Coming,  NY  14830 

Defense  Documentation  Center 
Cameron  Station 
Alexandria,  VA  22314 

Deputy  Under  Secretary  of  Defence  R$E 
Attn:  Dr.  L.  Weisberg 

Information  Office  Library  Branch 
Washington,  DC  20301 

Delco  Electronics,  Division  of  General  Motors 
Attn:  Technical  Library 
7927  S.  Howell  Avenue 
Oak  Creek,  WI  53154 

Fairchild  Semiconductor  Research  8 Development  Laboratory 
Attn:  J.  M.  Early 
Dr.  H.  Sello 

4001  Junipero  Sierra  Blvd. 

Palo  Alto,  CA  94304 

Federal  Aviation  Administration 
Attn:  Chief,  Data  Processing  Branch 
800  Independence  Avenue,  S.W. 

Washington,  DC  20553 
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University  of  Florida 
Attn:  Prof.  J.  K.  Watson 
Electrical  Engineering  Department 
Gainesville,  FL  32601 

General  Electric  Co. 

Attn:  Mr.  R.  J.  Clark 
Electronics  Park 
Syracuse,  NY  13201 

General  Electric  Co. 

Attn:  R.  C.  May 
Mail  Drop  211 
French  Road 
Utica,  NY  13502 

Grumman  Aerospace  Corp. 

Attn:  R.  Hong 

T.  Newman 

Bethpage,  NY  11714 
USAECOM 

Attn:  Mr.  David  Harratz 
Fort  Monmouth,  NY  07703 

Harris  Semiconductor 
Attn:  Mr.  A.  L.  Rivoli 
Mr.  Ron  Neal 
P.0.  Box  883 
Melbourne,  FL  32901 

Harry  Diamond  Laboratory 
Attn:  Branch  920  (Mr.  A.  J.  Baba) 
Technical  Library 
W.  Isler 
Robert  Reams 
Washington,  DC  20438 

Honeywell,  Inc. 

Attn:  Marvin  E.  Peterson 
Aerospace  Division 
13350  U.S.  19 
St.  Petersburg,  FL  33733 

University  of  Pennsylvania 
Attn:  Prof.  H.  Callen 
Department  of  Physics 
Philadelphia,  PA  19104 

Hughes  Aircraft  Co. 

Attn:  Dr.  D.  Calhoun 
P.0.  Box  2999 
Torrance,  CA  90509 
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Hughes  Aircraft  Co. 

Attn:  Mr.  George  Wolfe,  Jr. 

500  Superior  Avenue 
Newport  Beach,  CA  92660 

Hughes  Research  Laboratory 
Attn:  Dr.  G.  Brewer 
3011  Malibu  Canyon  Road 
Malibu,  CA  90265 

IBM  Corp. 

Attn:  Technical  Library 
18100  Frederick  Pike 
Gaithersburg,  MD  20760 

S.  Puthuff 
Memorex  Corp. 

San  Tomas  § Central  Expressway 
Santa  Clara,  CA  95052 

University  of  Illinois 
Attn:  Dr.  W.  J.  Poppelbaum 
Digital  Computer  Laboratory 
Urbana,  IL  61801 

Iowa  State  University 
Attn:  T.  A.  Smay 

Electrical/Ceramics  Engineering  Dept. 

Ames,  IA  50010 

Intel  Corp. 

Attn:  Dr.  G.  Moore 
365  Middlefield  Road 
P.0.  Box  668 

Mountain  View,  CA  94040 

Intelligence  § Electronic  Warfare  Laboratory 

Attn:  Mr.  James  Previte 

Rome  Air  Development  Center 

Griffis  Air  Force  Base 

Rome,  NY  13442 

International  Business  Machines  Corp. 

Attn:  Mr.  C.  McNeil,  Federal  Systems  Div.,  Electronic  Systems  Center 
Mr.  L.  C.  Liebschutz,  101BL03 
Owego,  NY  13827 

Intel  Magnetics,  Inc. 

Attn:  R.  B.  Clover 

3000  Oakmead  Village  Drive 

Santa  Clara,  California  95051 
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ITT  Avionics  Division 

Attn:  Dept  64511  (Mr.  F.  L.  Koved) 

500  Washington  Avenue 
Nut  ley,  NJ  07110 

ITT  Research  Institute 
Attn:  Harold  A.  Lauffenburger 
10  West  35th  Street 
Chicago,  IL  60616 

The  Johns  Hopkins  University/ APL 
Attn:  Dr.  C.  Feldman 
Johns  Hopkins  Road 
Laurel,  MD  20810 

The  Johns  Hopkins  University/ APL 
Attn:  J.  L.  Abita 
Johns  Hopkins  Road 
Laurel,  MD  20810 

The  Johns  Hopkins  University/ APL 
Attn:  Mr.  G.  Donald  Wagner 
Johns  Hopkins  Road 
Laurel,  MD  20810 

Lawrence  Radiation  Laboratory 
Attn:  Technical  Information  Dept.,  L-3 
Dr.  K.  Aaland,  Code  154 
Dr.  I.  Fischer-Colbie,  Mail  Stop  156 
Ronald  Wichner 
P.0.  Box  808 
Livermore,  CA  94550 

Litton  Data  System 
Attn:  Dr.  John  Klocka 
Van  Nuys,  CA  91400 

Litton  Systems,  Inc. 

Attn:  Dr.  H.  Abbink,  M.S.  5330 
Guidance  and  Control  Systems  Division 
5500  Canoga  Avenue 
Woodland  Hills,  CA  91364 

NASA/Goddard  Space  Flight  Center 
Attn:  Harold  Theiss 
Greenbelt,  MD  20770 

The  Magnavox  Co. 

Attn:  M.  E.  Seif 

Bueter  Road 

Fort  Wayne,  IN  46803 
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Commandant,  Marine  Corps 
Scientific  Advisor  (Code  AX) 

Washington,  DC  20380 

Massachusetts  Institute  of  Technology 
Attn:  Mr.  G.  Ives 

Department  of  Aeronautics  5 Astronautics 
68  Albany  Street 
Cambridge,  MA  02139 

McDonnell  Douglas  Corp. 

Attn:  Mr.  Kent  C.  Smith 

P.0.  Box  516 

St.  Louis,  MO  63166 

Headquarters  SAMSO/YCD 
Attn:  Capt.  R.  Bruce 
P.O.  Box  92960 
WPC 

Los  Angeles,  CA  90009 

University  of  Minnesota 
Attn:  Larry  L.  Kinney 
Prof.  J.  Judy 

Department  of  Electrical  Engineering 
Minneapolis,  MN  55455 

The  Mitre  Corp. 

Attn:  Library 
Bedford,  MA  01730 

Montana  State  University 
Attn:  D.  Rudberg 
Electrical  Engineering  Department 
Bozeman,  MT  59715 

Motorola  Incorporated 
Attn:  John  Osborne 
Semiconductor  Projects  Division 
2200  West  Broadway 
Box  20906,  Mail  Station  M504 
Phoenix,  AZ  85036 

NASA 

Marshall  Space  Flight  Center 
Huntsville,  AL  35812 

NASA 

Manned  Space  Flight  Center 
Houston,  TX  77058 
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National  Bureau  of  Standards 
Attn:  Mr.  Leedy,  Bldg  225  Rm.  A-331 
Technical  Library 
Robert  J.  Warner,  Rm.  A-219 
Dr.  M.  Bollis 
Washington,  DC  20234 

Director,  National  Security  Agency 

Attn:  TDL,  Dianne  Haslup 

Fort  George  G.  Meade,  MD  20755 


I 


I 
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Commander,  Naval  Air  Development  Center 
Attn:  Mr.  R.  Fedorak 

Technical  Library 
Warminster,  PA  18974 

Commander,  Naval  Air  Systems  Command 
Washington,  DC  20361 
Attn:  AIR-360  (F.  Lueking) 

AIR-360  (A.  D.  Klein) 

AIR-50174 

AIR-52022  (C.  D.  Caposell,  S.  Linder) 
AIR-52022  (A.  S.  Glista) 

AIR-310  (Dr.  H.  J.  Mueller) 

AIR-310B  (J.  W.  Willis) 

Naval  Avionics  Facility 
Attn:  M.  L.  Gallagher,  Librarian 
Mr.  Dale  Tague 
Indianapolis,  IN  46218 

Commander,  Naval  Ocean  Systems  Center 
Attn:  Code  4800 

Mr.  J.  Zymanski,  Code  3200 
W.  E.  Richards,  Code  811 
San  Diego,  CA  92152 

Commander,  Naval  Electronics  Systems  Command 
Attn:  Code  ELEX-05143  (C.  R.  Suman) 

Code  033  (N.  Bulter,  L.  Sumney) 
Washington,  DC  20360 

Naval  Explosive  Ordnance  Disposal  Facility 
Attn:  Technical  Library 
Idnian  Head,  MD  20640 

Naval  Missile  Center 

Attn:  Technical  Library  (Code  5632.2) 

Point  Mugu,  CA  93010 

Naval  Oceanographic  Office 

Attn:  Technical  Library  (Code  1640) 

Suitland,  MD  20373 
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Deputy  Chief  of  Naval  Operations  (Development) 
Technical  Analysis  and  Advisory  Group  (Code  NOP-077D) 
Washington,  DC  20350 

Commander,  Naval  Sea  Systems  Command 
Attn:  SEA-031 
Washington,  DC  20360 

Naval  Ordnance  Station 
Attn:  Technical  Library 
Louisville,  KY  40214 

Naval  Ordnance  Station 
Attn:  Technical  Library 
Indian  Head,  MD  20640 

Naval  Postgraduate  School 

Attn:  Technical  Library  (Code  0212) 

Monterey,  CA  93940 

Director,  Naval  Research  Laboratory 

Washington,  DC  20375 

Attn:  Dr.  George  Abraham  (Code  1436) 

Dr.D.  0.  Patterson 
Technical  Library 
Mr.  A.  Brodzinsky 
Dr.  H.  Lessoff 
Dr.  M.  Rubenstein 
Dr.  F.  Milton 

Dr.  Conrad  M.  Williams  (Code  6411) 

Dr.  A.  Schindler 

Office  of  Naval  Research 

Attn:  Dr.  L.  E.  Larmore,  Code  201 

Dr.  T.  G.  Berlincourt,  Code  420 
Dr.  J.  Trimble 
800  North  Quincy  Street 
Arlington,  VA  22217 

Commanding  Officer 

Office  of  Naval  Research  Branch  Office 
495  Summer  Street 
Boston,  MA  02210 

Commanding  Officer 

Office  Of  Naval  Research  Branch  Office 
536  South  Clark  Street 
Chicago,  IL  60605 

New  York  Area  Office 
Office  of  Naval  Research 
207  West  24th  St. 

New  York,  NY  10011 
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Commanding  Officer  3 

Office  of  Naval  Research  Branch  Office 
1030  East  Green  Street 
Pasadena,  CA  91101 

San  Francisco  Area  Office  3 

Office  of  Naval  Research 
760  Market  St.,  Rm  447 
San  Francisco,  CA  94102 

Naval  Research  Laboratory 
Attn:  Technical  Library 
Underwater  Sound  Reference  Division 
P.0.  Box  8337 
Orlando,  FL  32806 

Naval  Ship  Engineering  Center 
Attn:  Technical  Library 
Philadelphia  Division 
Philadelphia,  PA  19112 

David  W.  Taylor  Naval  Ship  Research  § Development  Center 
Attn:  Library  Code  5220 
Betheska,  MD  20084 

Naval  Underwater  Systems  Center 
Attn:  Robert  Kieronski,  SB-13 
Newport,  RI  02840 

Naval  Training  Equipment  Center 
Attn:  Technical  Library 
Orlando,  FL  32813 

Naval  Undersea  Warfare  Center 
Attn:  Technical  Library 
3202  East  Foothill  Blvd. 

Pasadena,  CA  91107 

Navy  Underwater  Systems  Center 
Attn:  Technical  Library 
Fort  Trumbull 
New  London,  CT  06320 

Commander,  Naval  Weapons  Center 
Attn:  Dr.  W.  Webster 

Technical  Library 
China  Lake,  CA  93557 

Digital  Development  Corporation 
Attn:  Dr.  Ben  Meckel,  Sr.  Staff  Phys. 

P.0.  Box  23447 
San  Diego,  CA  92123 
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Norden  Systems  Inc. 

Attn:  S.  V.  Lazecki 

R.  H.  Hughes,  MS  L012 
Helen  Street 
Norwalk,  CT  06856 

Rockwell  International 
Attn:  W.  H.  Kraemer 
P.O.  Box  4192 
3370  Miraloma  Avenue 
Anaheim,  CA  92803 

Rockwell  International 
Attn:  R.  W.  Downing 
Microelectronics  Division 
P.O.  Box  3669 
3430  Miraloma  Avenue 
Anaheim,  CA  92803 

Raytheon  Company 
Attn:  Dr.  R.  E.  Thun 

Aryeh  Platzker,  MS  Ml-58 
Missile  Systems  Division 
Bedford,  MA  01730 

Navy  Space  Systems  Activity 
Attn:  Dr.  J.  L.  Finkelstein 
P.O.  Box  92960 
Worldway  Postal  Center 
Los  Angeles,  CA  90009 

RCA,  Astro-Electronics  Division 
Attn:  Maurice  G.  Staton 
P.O.  Box  800 
Princeton,  NJ  08520 

RCA,  David  Samoff  Research  Center 
Attn:  Mr.  H.  H.  Scott,  Jr. 

Princeton,  NJ  08540 

RCA,  Government  Communications  Systems 
Attn:  D.  Hampel 
Route  202 

Somerville,  NJ  08876 

RCA  Laboratory 

Attn:  Dr.  R.  Shahbender 

Princeton,  NJ  08540 


USAMICOM 

Attn:  Mr.  Dan  Reed 
Huntsville,  AL  35809 


Rome  Air  Development  Center 

Attn:  Mr.  J.  Brauer 

Griffis  Air  Force  Base,  NY  13440 

Siemens  Corp.,  R§D  Center 
Attn:  Wolfgang  Kayser 
P.0.  Box  1390 
Scottsdale,  AZ  85252 

Sanders  Associates,  Inc. 

Attn:  D.  B.  Newman 
95  Canal  Street 
Nashua,  NH  03060 

Sandia  Laboratory 
Attn:  Technical  Library  3141 
P.0.  Box  5800 
Albuquerque,  NM  87115 

Signetics  Corp. 

811  E.  Arques  Avenue 
Sunnyvale,  CA  94086 

Siliconix,  Inc. 

2201  Laurelwood 
Santa  Clara,  CA  95054 

Singer-General  Precision,  Inc. 
Attn:  Mr.  L.  Laenner 
Kearfott  Division 
1150  McBride  Avenue 
Little  Falls,  NJ  07424 

Sperry  Research  Center 
Attn:  Mr.  H.  A.  Richard  Wegener 
100  North  Road 
Sudbury,  MA  01776 

Stanford  Research  Institute 
Attn:  Louis  N.  Heynick 

Dr.  S.  W.  Miller,  Bldg  30 
Engineering  Sciences  Laboratory 
Menlo  Park,  CA  94025 

Strategic  Systems  Project  Office 
Attn:  Mr.  David  Gold  (Code  SP-23) 
Department  of  the  Navy 
Washington,  DC  20360 

Teledyne  Systems  Co. 

Attn:  Earl  Kanter 
19601  Nordhoff  Street 
Northridge,  CA  91324 
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Texas  Instruments  Inc. 

Attn:  Dr.  Bernard  G.  Carbejal 
Dr.  Dean  Tombs 
P.0.  Box  5012 
Dallas,  TX  75222 

Sperry  Dnivac 
Attn:  J.  H.  Cooper 
P.0.  Box  500 
Blue  Bell,  PA  19424 

TRW  Systems,  Inc. 

Attn:  Dr.  B.  Dunbridge 
One  Space  Park 
Redondo  Beach,  CA  90278 

Texas  Instruments  Laboratories 
Attn:  Dr.  John  M.  Pankrate,  MS  105 
Central  Research 
P.0.  Box  5936 
Dallas,  TX  75222 

Tyco  Laboratories,  Inc. 

Attn:  Dr.  A.  I.  Mlavsky 
16  Hickory 

Bear  Hill,  Waltham,  MA  02154 

United  Aircraft  Corp. 

Attn:  Dr.  A.  J.  Demarla 

United  Aircraft  Research  Laboratories 

East  Hartford,  CT  06108 

Sperry  Univac 

Attn:  Dr.  D.  Lo,  M.S.  5161  5 

Mr.  W.  D.  Miller 
R.  J.  Torok 
M.  Paul 
B.  Lindel 
Q.  Fabro 

Federal  Systems  Division 
Univac  Park 
P.0.  Box  3525 
St.  Paul,  MN  55101 

Westinghouse  Electric  Corp. 

Attn:  Dr.  Paul  M.  Pan 
Ms.  L.  Campbell 
Aerospace  Division 
Friendship  International  Airport 
P.0.  Box  746 
Baltimore,  MD  21203 


13 


NSWC  TR  79-97 


Western  Electric  Corp. 

Defense  Activities  Division 

Attr. : Information  Center  (4th  Floor) 

83  Maiden  Lane 
New  York,  NY  10038 

Westinghouse  Electric  Corp. 

Westinghouse  Research  Laboratory 
Attn:  Dr.  D.  Muss 
Bulah  Road,  Churchill  Borough 
Pittsburgh,  PA  15235 

Yale  University 
Attn:  Prof.  R.  C.  Barker 
Prof.  S.  Cargill 
Becton  Center 
15  Prospect  Street 
New  Haven,  CT  06520 

Youngstown  State  University 
Attn:  Dr.  M.  Simon 
410  Wick  Avenue 
Youngstown,  OH  44503 

IBM  Corporation 
Attn:  G.  R.  Henry,  P35/025 
Moneterey  5 Cottle  Roads 
San  Jose,  California  95193 

NTIS 

Dept,  of  Commerce 

Attn:  Dr.  George  Kudrovatz 

Springfield,  VA  22161 

Control  Data  Corporation,  Research  Division 
Attn:  Gale  R.  Allen,  H0M291 
P.O.  Box  1249 
Minneapolis,  MN  55440 

Raytheon  Research  Division 
Attn:  Dr.  E.  Schlomann 
Waltham,  MA  02154 

VERBATIM 

Attn:  Dr.  G.  Bate 
323  Soquel  Way 
Sunnyvale,  CA  94086 

Stanford  University 

Attn:  Prof.  Robert  L.  White 

110  McCullogh  Bldg. 

Stanford,  CA  94305 
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Honeywell  Information  Systems  Inc. 

Advanced  Systems  5 Technology 

Attn:  Dr.  W.  Kayser 

4000  N.W.  39th  Street,  Bldg.  1,  Room  S3 

Oklahoma  City,  OK  73112 

Westinghouse  Advanced  Technology  Lab 
. Attn:  Dr.  D.  Mergerion,  MS  3714 

C.  W.  Baugh  MS  3714  6 

J.  H.  Cullam  MS  3714 
H.  A.  Trenchard  MS  3714 
J.  Brewer 
P.O.  Box  1521 
Baltimore,  MD  21203 

NCR  Corporation 

Advance  Development  Engineering 
Attn:  Mark  Tkacik 
Box  728 

Cambridge,  OH  43725 

Hewlett-Packard 
Attn:  Dr.  Paul  Greene 
1920  Embarcadero  Road 
Palo  Alto,  CA  94303 

Millis  Research 

Attn:  Dr.  William  L.  Gardner 

Dover  Road 

Millis,  MA  02054 

Chief 

i;  Naval  Material  Command 

Attn:  NMAT  0343 
Washington,  DC  20360 

Tektronix,  Inc. 

Attn:  Director  of  Research 
P.O.  Box  500 
Beaverton,  OR  97077 

Inter  Systems  Inc.  6 

6201  Leesburg  Pike 
Falls  Church,  VA  22044 

T.  J.  Watson  Research  Center 
Attn:  Dr.  M.  S.  Cohen 
Dr.  Emerson  Pugh 
Dr.  R.  A.  Scranton 
P.O.  Box  218 

Yorktown  Heights,  NY  10598 
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George  N.  Kaposhilin 
Hewlett  Packard  Laboratories 
1501  Page  Mill  Road 
Palo  Alto,  California  94304 

Raytheon  Company 
Attn:  George  A.  Works 
Wayland  Laboratory 
Boston  Post  Road 
Wayland,  MA  01778 
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